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1) Counting mode, bunch by bunch

Temperature

2) Wire Temperature



Typical Wire Scanner Setup



1) Counting Mode
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Rate: [Counts/bunch] [Counts/s]

Ν = protons intersecting wire area
σ = beam width (0.527 mm)
d’ = wire diameter (7 µm)
Nbunch = 2.8 * 1010 protons
Bunch Rate = 1/96 ns = 10.4 MHz
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Monte Carlo Simulation (920 GeV/c protons)

The distribution of the signal from scintillation detector. E>1keV,  15 micron Quartz wire

Efficiency: # Energy depositions/protons hitting wire:  496/39087280 = 1.27⋅10-5. 
Varying threshold between  10 – 200 MeV => Efficiency ≈ 10-5 - <10-7



4 σ                       2 σ

Fast scan 
E=920 GeV/c
P-e+ collisions



Normalized count rate: normalized to ADC value from fast scan
measured rate = normalized rate * 1.8 * 104
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Count rates during two tail scans

2. measurement with increased sensitivity

180 bunches, 45 mA, 2.8 * 1010 p/bunch

6σ

≈2σ

Signals due to 
beam losses

out

1. measurement



Higher sensitivity by reduced threshold

Normalized count rate: normalized to ADC value from fast scan
Real rate = normalized rate * 3*105
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Dynamic range can easily be 
improved to about 108 by using 
the full scale of the 12 bit ADC 
during fast scan!



Counting mode tail scans:

Improvements: 
• Better overlap between fast scans and counting mode

• fitting tails in fast scans
• apply Poisson statistic at high count rates
• reduced sensitivity? (burning the wire?)

• Noise (real beam loss) reduction

Questions:

• What is the threshold?
Calibration of sensitivity

• At which σ the wire will burn?

• More parameters can be measured:



HERA-B Detector

Detection efficiency > 50%



Detection of coasting beam

Another method:

Total DC current (upper) and total bunch current (lower)

rate

rate

1 h

Note the increased rate in the
Bunch gaps (=coasting beam)



6σ

4σ

The negative horizontal dispersion 
leads to signals on the outside wires



C. Montag’s talk
Thu, afternoon



Neighbor-buckets

Another method: Fast wall current monitor



2) Temperature: Vibrating wire for beam tail scanning

For wire temperature measurement is 
proposed to use the strong dependence of 
frequency of normal oscillations of 
tensioned wire on temperature. Hence the 
stretched wire temperature can be obtained 
by measuring its natural oscillations 
frequency by an autogenerator electronic 
circuit with a positive feedback loop. The 
temperature sensitivity of the vibrating wire 
sensor estimated on the level 10-4 0C. The  
wire vibration is achieved by an  alternating 
current passing through the wire (about 1 
mA) with a permanent magnetic at one end.
The magnetic field can be concentrate only 
on definite parts of the wire, in a such way, 
that the remaining magnetic field free part 
of the wire can be used for scanning.

S. G. Arutunian, N. M. Dobrovolski, M. R. Mailian, I. G. Sinenko, and 
I. E. Vasiniuk Yerevan Physics Institute, Alikhanian Brothers Street 2, 
375036, Yerevan, Armenia, PHYSICAL REVIEW SPECIAL TOPICS 
- ACCELERATORS AND BEAMS, VOLUME 2, 122801 (1999)

The part of vacuum chamber with the vibrating wire scanner 
and the translator mechanism.



Vibrating wire scanner: first experimental results on the injector beam of Yerevan synchrotron
Arutunian S.G., Dobrovolski N.M., Mailian M.R., Vasiniuk I.E. Yerevan Physics Institute

In Phys. Rev. ST Accel. Beams 6, 042801 (2003) 

The first experimental results of the transversal scanning of the injector electron beam (10 nA
after collimation) of Yerevan synchrotron by scanner based on the vibrating wire (vibrating wire 
scanner - VWS) are presented and the corresponding horizontal beam profiles are obtained. 

-0.5

0.0

0.5

1.0

1.5

2.0

25 27 29 31 33 35 37

Wire horizontal position, mm

Be
am

 c
ur

re
nt

 d
en

si
ty

in
 h

or
iz

on
ta

l d
ire

ct
io

n,
 n

A/
m

m

Because of short traveling distance only half  of the beam 
was scanned.

vibrating wire: 90 µm beryl-
bronze wire

bunches with RF of 2797.3 
MHz with pulse duration of 2 
µs. The repetition rate of 
pulses was 50 Hz.

The figure presents the profile 
of the beam approximated by 
a normal distribution with σ = 
1.48 mm and beam central 
position at 30.87 mm. 



Horizontal profile of the beam shifted towards the VWS (beam current 3.4 nA)



Calculations of "tail sensitivity"
Let’s estimate the sensitivity of VWS with respect to the lower limit of beam intensity. In this case radiation 

losses of wire temperature are negligible and the balance of temperature is determined by the thermal conduction 
along the wire. Let the temperature of the wire near its fixation points be T0 and at the middle T0+Tm (triangular 
profile of the temperature along the wire). Thermo-conductive losses P= 4πλrw

2Tm/l, where λ is the thermo-
conductivity of the wire with the radius rw and length l. Total power deposited on the wire Q=(π/2)0.5(rw

2/σx)exp(-
x2/2σx

2)(I0kdE/dy/e), where σx is the beam size, x is the wire location with respect to the beam center, dE/dy are 
the ionization losses, k is coefficient transition ionization loss to heat of the wire. Usually k is approximately 0.3 . 
From the thermal balance follows that:

Tm = (1/4(2π)0.5)(l/σx)exp(-x2/2σx
2) (I0kdE/dy/e)/λ . Note that there is no dependence of Tm on the wire radius.

For beryllium-bronze wire and 100 mA proton beam with σx = 
0.6 cm (PETRA conditions) the value Tm of about 0.01 K 
(vibrating wire thermal sensitivity at presence of electromagnetic 
noises) is achieved at x = 5.7 σ.
The following estimation agrees well with this calculation: At the 

Yerivan experiment a significant increase of the temperature was 
achieved at about 2 σ. At that wire position, the wire was hit by 
1.8 ·108 e/s. For the 100 mA PETRA beam with a width of σ = 0.6 
cm  this amount is reached at about 6.1 σ. Note that dE/dy for 
electrons and protons at ultra high energies is about identical.



Plans: 
• VWS already installed in PETRA at DESY, waiting for beam.
• Both types of measurements can be done at the same time with the same scanner
and with the fast scanner nearby.

Questions: 
• Noise in VWS
• Overlap to fast scan (burning wire/other wire material)? 
• DC beam vs. bunched beam
• Heating of the wire by HOM?

Summary:
First measurements with both methods are very promising for beam tail 
measurements down to about 6 σ.



Mechanical vibrations due to water pumps, some 100 Hz.





For comparison: Secondary emission signal (efficiency = 3%)

45 mA beam, σ = 5.27mm:
Buch rate DC 10.4 MHz 10.4 kHz 1 Hz
SEM current: [A] e-/bunch e-/bunch e-/bunch
at 2 sigma 9.70E-07 6.02E+05 6.02E+08 6.02E+12
at 5 sigma 2.67E-11 16.6 1.66E+04 1.66E+08
at 6 sigma 1.09E-13 0.068 68 6.78E+05
charge/10 ns: [A] [A] [A] [A]
at 2 sigma 9.70E-07 0.000009632 0.009632 96.32
at 5 sigma 2.67E-11 2.656E-10 2.656E-07 0.002656
at 6 sigma 1.09E-13 1.088E-12 1.088E-09 0.000010848

particles/bunch: DC 2.80E+10 2.80E+13 2.80E+17



Beam pipe

loss

One counter is sensitive 
to losses within a long region 



SPS with LHC beam:

“The housing of the wire scanner acts as a cavity with a mode spectrum 
starting around 350MHz and high impedance values around 700 MHz. The 
carbon wire used so far appears to be an excellent RF absorber and thus 
dissipates a significant part of the beam-induced power.

……

As a cure to the wire heating due to the beam-wire coupling, the SPS wire 
scanner tanks have been equipped with ferrite tiles in order to damp the 
resonating modes.”

CAVITY MODE RELATED WIRE BREAKING OF THE SPS WIRE SCANNERS AND LOSS MEASUREMENTS OF WIRE 
MATERIALS
F. Caspers, B. Dehning, E.Jensen, J. Koopman, J.F. Malo, CERN, Geneva, Switzerland,F. Roncarolo, CERN/University of Lausanne, 
Switzerland
DIPAC03, Mainz


